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INTERFACE DEVICE AND INTERFACE DEVICE CONTROL METHOD 
CROSS-REFERENCE TO RELATED APPLICATIONS 

5 This application is based upon and claims the benefit 

of priority from the prior International Patent Application 
No. PCT/JPOl/06013, filed on July 11, 2001, the entire 
contents of which are incorporated herein by reference - 

10 BACKGROUND OF THE INVENTION 

The present invention relates to an interface device 
and an interface device control method, and more 
specifically, to an interface device having a plurality of 

15 regulated transmission rates, and a method for controlling 
the interface device. 

In recent years, interface devices have been provided 
with a function for performing communication at different 
transmission rates, which are determined depending on when 

20 and how the standard of each transmission rate is 

established. Further, standards enabling data transmission 
at higher speeds are being added. These interface devices 
employ a proper transmission rate based on the data 
transmission requirements and power consumption requirements 

25 of the apparatus in which the interface device is installed. 
As a result, apparatuses with installed interfaces having 
different maximum speed transmission rates (transfer 
capabilities) are connected to networks. In such interface 
devices, the devices capable of high-speed data transmission 

30 are all capable of low-speed data transmission. In this way, 
data can be transferred between various devices connected to 
the network regardless of the maximum transmission rate of 
each device. 
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PRIOR ART 

Fig. 12 is a schematic block diagram of an interface 
device in compliance with the conventional IEEE 1394 
5 standard. The interface device 131 is installed in devices 
such as personal computers, as well as digital cameras, 
color page printers and the like connected to personal 
computers, and is connected to an apparatus body 132 
provided with the functions of these various devices. 

10 

The interface device 131 includes input/output ports 
(1394 port 1 and 2) 133 and 134, a physical layer circuit 
(PHY) 135, a link layer circuit (LINK) 136, a data buffer 
137, clock generation circuit (CK gen) 138, and an MPU 139. 
15 The input/output ports 133 and 134 of the interface device 
131 are connected to an IEEE 1394 interface bus 
(hereinafter, 1394 bus) 22, and the interface device 131 is 
connected to a plurality of other devices (other interface 
devices) by the 1394 bus 22. 

20 

When receiving input data (packets) from the 
input /output ports 133 and 134, the physical layer circuit 
135 converts the electric signals to logic signals and 
outputs the logic signals to the link layer circuit 136. 
25 Conversely, the physical layer circuit 135 converts logic 
signals from the link layer circuit 136 to packets of 
electric signals and transmits the packets to the 
input/output ports 133 and 134. 

30 The link layer circuit 136 analyzes the packet received 

and transmitted by the physical layer circuit 135, and 
stores packets addressed to itself in the data buffer 137. 
Conversely, the link layer circuit 136 outputs the packets 
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stored in the data buffer 137 from the MPU 139 to the 
physical layer circuit 135 during data transmission. 

The link layer circuit 136 analyzes the packets 
5 received from the physical layer circuit 135 and transmits 
packets that are not addressed to itself to the physical 
layer circuit 135. Thus, the interface device 131 transfers 
packets that are not addressed to itself. 

10 The clock generation circuit 138 generates a clock 

signal having a frequency, which is obtained by dividing a 
reference frequency by a set frequency division ratio, and 
provides the clock signal to the physical layer circuit 135 
and the link layer circuit 136. 

15 

Fig. 13 is a network diagram showing a plurality of 
devices (hereinafter referred to as nodes) with an IEEE 1394 
compliance interface device 131 connected to the network via 
a 1394 bus 22. 

20 

Node nl has a transmission capacity of SlOO, and nodes 
n2 through n7 have a transmission capacity of S400. The IEEE 
1394 standard regulates three transmission rates, S400 (400 
Mbit/s), S200 (200 Mbit/s) , and SlOO (100 Mbit/s) , and nodes 
25 provided with the S400 transmission capacity are also 
capable of S200 and SlOO transmission rates. 

When a packet is transmitted from node n6 to node n4, 
node nl has an SlOO transmission capacity. Thus, each node 
30 in the transmission route from node n6 to node n4 sends or 
receives the packet at the SlOO transmission rate through 
negotiation- That is, the SlOO packet is transferred through 
a route including node n6, node n5, node nl, node n2, node 
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n3, and node n4 



When transmitting the SlOO packet from node n6 to node 
n4, the nodes n6 and n4, which transmits and receives data, 
5 and the nodes n2, n3 and n5, which function as repeaters, 

operate in a state enabling data transmission at its maximum 
transmission rate. Node r\l , which is not performing data 
transmission at this time, is in a standby state and is also 
in a state enabling data transmission at its maximum 
10 transmission rate. 

The nodes n2 through n7, which are connected to the 
network, are operated in a state that is required for 
performing data transmission at their respective maximum 
15 transmission rates (S400) . In other. words, each of the nodes 
n2 through n7 have internal circuits that normally operate 
at high speed to enable high-speed signal change during 
high-speed transmission. 

20 Therefore, during periods when the nodes n2 through n7 

are performing low-speed transmission or periods when they 
are not transferring data, they are capable of promptly 
responding to a transfer request even if that request is a 
high-speed transmission request from another node. 

25 

In order to immediately respond to high-speed 
transmission requests, however, the internal circuits must 
normally operate at high speeds. This increases power 
consumption. That is, in conventional interface devices, the 
30 devices capable of high-speed transmission consume power in 
an unnecessary manner since the internal circuits operate at 
high speeds even when high-speed transmission is not 
required or when no transfer is required. This increases 
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power consumption . 

Although consideration has been given to methods that 
stop the circuit operation in nodes that are not performing 
data transmission so as to reduce power consumption. 
However, these circuits cannot be stopped since the network 
configuration (topology) must be maintained. Thus, power 
consumption cannot be suppressed. 



SUMMARY OF THE INVENTION 



It is an object of the present invention to provide an 
interface device and a method for controlling the interface 
device that switches the transmission rate to enable high- 
speed transmission when necessary. 

A first aspect of the present invention provides an 
interface device for performing data transmission with a . 
further device connected to a network at any of a plurality 
of transmission rates that are regulated. The interface 
device includes a transmission rate control circuit for 
changing its own operation speed when the transmission rate 
must be switched - 



A second aspect of the present invention provides a 
method for controlling an interface device for performing 
data transmission with other devices connected to a network 
at any of a plurality of transmission rates that are 
regulated. The method includes changing operation speeds of 
each device and the interface device when switching to a 
high-speed transmission rate is required and each device 
included in a route to a transmission destination is 
compatible for high-speed transmission. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a block diagram of an embodiment of the 
interface device; 
5 Fig, 2 is a block diagram showing a specific structure 

of the transmission rate switching control circuit; 

Fig. 3 is a block diagram illustrating the transmission 
rate switching operation; 

Fig. 4 is a flow chart illustrating the transmission 
10 rate switching operation; 

Fig. 5 is a flow chart illustrating the transmission 
rate switching operation; 

Fig. 6 is a flow chart illustrating the transmission 
rate switching operation; 
15 Fig. 7 is an explanatory diagram illustrating a 

register; 

Fig. 8 is a flow chart illustrating a register control 
operation during transmission rate switching; 

Fig. 9 is a flow chart illustrating the register 
20 control operation during transmission rate switching; 

Fig. 10 is a flow chart illustrating the register 
control operation during transmission rate switching; 

Fig. 11 is a. flow chart illustrating the register 
control operation during transmission rate switching; 
25 Fig. 12 is a block diagram of a conventional interface 

device; and 

Fig. 13 is a schematic diagram showing an example of 
devices with installed interface devices connected by a bus. 



30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The present invention embodied in an interface device 
in compliance with the IEEE 1394 standard will now be 



6 



discussed with reference to Figs. 1 through 11. 

Fig. 1 is a schematic block diagram showing the 
interface device complying to the IEEE 1394 standard. The 
5 interface device 11 is installed in devices such as personal 
computers, as well as digital cameras, color page printers 
and the like connected to personal computers, and is 
connected to an apparatus body 12 provided with the 
functions of these various devices. 

10 

The interface device 11 includes input/output 
(input /output) ports (1394 port 1 and 2) 13 and 14, a 
physical layer circuit (PHY) 15, a link layer circuit (LINK) 
16, a data buffer 17, a clock generation circuit (CK gen) 
15 18, an MPU 19, a register 20, and a transmission rate 
control circuit 21. 

The input/output ports 13 and 14 are connected to the 
input/output ports of other interface devices (not shown) 
20 through an IEEE 1394 interface bus (hereinafter, 1394 bus) 

22. Devices provided with the installed interface device 11 
are connected to other devices (other interface devices) by 
the 1394 bus 22 to configure a network. 

25 When input data (packets) are received from the 

input/output ports 13 and 14, the physical layer circuit 15 
converts the electric signals (signals having a voltage 
level based on communication standards) to a logic signal 
(signal having a logic level) , which is then output to the 

30 link layer circuit 16. Conversely, the physical layer 
circuit 15 converts logic signals from the link layer 
circuit 16 to packets of electric signals and transmits the 
packets to the input/output ports 13 and 14 
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The link layer circuit 16 analyzes the packet received 
and transmitted by the physical layer circuit 15, and stores 
packets addressed to itself in the data buffer 17. 
Conversely, when transmitting data, the link layer circuit 
16 transmits the packet stored in the data buffer 17 from 
the MPU 19 to the physical layer circuit 15. 



The link layer circuit 16 also analyzes packets 
received by the physical layer circuit 15 and sends those 
packets that are not addressed to itself to the physical 
layer circuit 15. In this way, the interface device 11 
transfers packets that are not addressed to itself. 



Device information of the interface device 11 is 
recorded in the register 20. The device information is 
updated information by a bus reset generated whenever the 
network configuration (topology) changes. The device 
information stored in the register 20 includes the 
transmission capacity of the interface device 11, as will be 
described later, the present transmission rate, the 
transmission rate after bus reset, an operating mode 
indicating whether or not the operation state has been 
cleared (changed) by the bus reset, and the like. Other 
devices (other interface devices 11) connected to the 
network recognize the transmission capacity of the interface 
device 11 by reading the register 20. 



The transmission rate control circuit 21 generates a 
switch signal to switch the operating speed so as to change 
its own transmission rate in response to a transmission rate 
switch request received from the apparatus body 12 or 
another device (another interface device) . More 
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specifically, when a packet with a transmission rate switch 
request is received from the data buffer 17, the 
transmission rate control circuit 21 monitors its present 
transfer state and determines whether or not a switching 
5 operation is possible, and when a switching operation is 
possible, outputs a clock switch signal to the clock 
generation circuit 18. Conversely, when a switching 
operation cannot be performed when data is presently being 
transferred, the clock switch signal is output after the 
10 current transfer operation ends. 



The clock generation circuit 18 changes the frequency 
division ratio in response to the clock switch signal from 
the transmission rate control circuit 21 and generates a 

15 clock signal, which has a frequency obtained by dividing a 
reference frequency by the frequency division ratio. Then, 
the clock signal generated by the clock generation circuit 
18 is supplied to the physical layer circuit 15 and the link 
layer circuit 16- The physical layer circuit 15 and the link 

20 layer circuit 16 operate using the provided clock signal as 
a criterion- The frequency division ratio is set in 
accordance with the transmission rate, such that the clock 
signal has a low frequency when the transmission rate is 
low- Accordingly, the lower the frequency of the clock 

25 signal, the lower the operating speed, or the transmission 
rate . 



Fig. 2 is a schematic block diagram specifically 
showing the configuration of the transmission rate control 
30 circuit 21. 



The transmission rate control circuit 21 is provided 
with a switching control circuit 31, a switching mode 
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determination circuit 32, an executing transaction 
determination circuit 33, and a register (Control and Status 
Register (CSR) ) 34. 



The switching control circuit 31 switches operations 
based on an interrupt signal 35 (for example, reception of 
various types of packets such as a bus reset request, a 
transmission rate switching request, or the like) from 
another device (another interface device) connected to the 
network. 



The switching mode determination circuit 32 determines 
whether the transmission rate is specified in a request to 
switch to another transmission rate in response to a 
transmission rate switching request signal (packet) 36 from 
the data buffer 17 (refer to Fig. 1), and outputs the 
determination result to the switching control circuit 31. 



More specifically, the interface device 11, which is in 
compliance with the IEEE 1394 standard, regulates three 
transmission rates, i.e., S400 (400 Mbit/s) , S200 (200 
Mbit/s), and SlOO (100 Mbit/s). Devices provided with the 
S400 transmission capacity are configured to be compatible 
with the S200 and SlOO transmission rates, and similarly, 
devices provided with the S200 transmission capacity are 
configured to be compatible with the SlOO transmission rate. 



Therefore, the switching mode determination circuit 32 
determines which one of the transmission rates to S400, 
S200, or SlOO the transmission rate switching request signal 
36 is requesting. Further, the switching mode determination 
circuit 32 determines whether or not to return (clear the 
operating condition) the transmission rate to SlOO when a 
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bus reset occurs to reconfigure the network. Then^ the 
switching mode determination circuit 32 outputs the 
determination results to the switching control circuit 31. 

The executing transaction determination circuit 33 
monitors its transfer status 37, determines whether or not 
there is a transaction that is presently being performed 
(i.e,, whether or not data transmission is presently on- 
going) , and outputs the determination result to the 
switching control circuit 31. 

The switching control circuit 31 receives the 
determination result from the switching mode determination 
circuit 32 and the executing transaction determination 
circuit 33 and outputs a packet transmission request signal 
38, which includes information regarding whether or not to 
acknowledge the switching request signal 36, to the link 
layer circuit 16. When an acknowledgement packet 
transmission request signal 38 is output at this time, the 
switching control circuit 31 outputs a bus reset request 
signal 39 to the physical layer circuit 15. 

Then, when the bus reset starts, the switching control 
circuit 31 outputs a clock switch signal 40 to the clock 
generation circuit 18, and the clock generation circuit 18 
switches the frequency of the clock signal supplied to the 
physical layer circuit 15 and the link layer circuit 16. As 
a result, the transmission rate of the interface device 11 
is switched. 

When the clock switch signal 40 is output, the 
switching control circuit 31 outputs a timer switching 
signal 41 to the physical layer circuit 15 and the link 



layer circuit 16 to switch the timer operation clocks of 
these circuits. 

More specifically, as shown in Fig. 3, the timer 
5 switching signal 41 (represented by P-SPEED in the drawing) 
output from the switching control circuit 31 is input to a 
switch selector 42 of the physical layer circuit 15 (link 
layer circuit 16) . P-SPEED is the current transmission rate 
of the interface device 11 represented as a bit control 
10 signal, as will be described later. 

The switch selector 42 outputs a selected determination 
value corresponding to the various transmission rates S400, 
S200, SlOO to the timer 43 based on the timer switching 

15 signal 41 (that is, the present transmission rate P-SPEED) . 
In other words, the switch selector 42 switches the 
determination value of a timer 43 when a clock signal 
timeout is determined in response to the timer switching 
signal 41. In the present embodiment, the determination 

20 values corresponding to each transmission rate S400, S200, 
SlOO are set at 100, 50, 25, respectively. 

The timer 43 counts the pulses of the clock signals 
provided from the clock generation circuit 18. When the 

25 count value matches the determination value provided from 
the switch selector 42, the timer 43 outputs the 
determination. For example, when the timer 43 outputs a low 
determination signal and the count value matches the 
determination value, the timer outputs a high determination 

30 signal during a single cycle of the clock signal. The 

physical layer circuit 15 (link layer circuit 16) performs a 
data transmission timeout based on the determination signal . 
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The clock signal has a frequency that corresponds to 
the operating speed (transmission rate) of the physical 
layer circuit 15 (link layer circuit 16) , and the 
determination value is set in accordance with the 
5 transmission rate. Accordingly, the timer 4 3 outputs a 
determination signal each time a fixed period elapses 
regardless of the operating speed. Therefore, the time of 
the timeout determination is constant and not affected by 
the operating speed and transmission rate. 

10 

The operation of the interface device 11 is described 
below with reference to the flow charts of Figs. 4 through 
6. A plurality of devices (hereinafter referred to as nodes) 
provided with the interface device 11 of the present 
15 embodiment are connected by the 1394 bus 22 to configure a 
network, as shown in Fig. 13. To simplify the description, 
each node is described using the same number as its 
reference number. 

20 When the node nl, which is provided with the S400 

transmission capacity, is connected to the network (step 
51), the node nl starts operating at the SlOO transmission 
rate (step 52), and the bus reset starts (step 53). 

25 When the bus reset starts, the node nl generates a 

topology map and speed map in the register 20 (refer to Fig. 
1) through tree identification and self-identification 
processes (step 54) . More specifically, the node nl 
transmits a self-identification packet (self-ID packet) to 

30 all the other nodes n2 through n7 . The self-ID packet 

includes information on which transmission rates the node 
supports. That is, the node nl recognizes the topology and 
identifies the other nodes n2 through nl and recognizes the 
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transmission capabilities of the other nodes n2 through n7 
by means of the self-ID packets transmitted from the other 
nodes n2 through n7 . 

5 In this way, when the bus reset to the SlOO 

transmission rate ends (step 55) , the node nl is capable of 
transferring data (packets) only at the SlOO transmission 
rate (step 56) . 

10 Similarly, the nodes n2 through n7 create a topology 

map and speed map in response to the bus reset, the 
transmission of data (packets) is enabled only at the SlOO 
transmission rate . 

Then, when it becomes necessary to transfer data at a 

higher speed (8200 or 8400) than the 8100 transmission rate 
from, for example, node nl to node n4 (step 57), the node nl 
negotiates with the nodes n2 through n4 included in the 
route to the transfer destination. 

More specifically, the node nl confirms the transfer 
capabilities of each of the nodes n2 through n4 configuring 
the route to the transfer destination by reading the device 
information in the register 20 with which each of the nodes 
n2 through n4 are provided (step 58) . In this way, the node 
nl determines whether or not each of the nodes n2 through n4 
are provided with a transmission capacity corresponding to 
high-speed transmission (step 59) . 

30 In step 59, when all of the nodes n2 through n4 in the 

transmission route are provided with higher speed 
transmission capacity, the node nl transmits a transmission 
rate switch request packet (request packet) , which includes 
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25 
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information on the transmission rate to be switched to, to 
the nodes n2 through n4 (step 60) - Conversely, when even one 
node among all the nodes n2 through n4 in the transmission 
route is not provided with a higher speed transmission 
5 capacity (that is, only supports SlOO), the node nl 

continues to transfer data at the SlOO transmission rate 
(step 59a) . 

The operation of the node nl while transmitting a 
transmission rate switch request is described below with 
reference to Fig. 5. 

When transmitting a request packet in step 60, the node 
nl waits for a reply (response packet) acknowledging the 
switch request from each of the nodes n2 through n4 (step 
61) . When the response packets are received, the node nl 
determines whether or not it is an acknowledgement reply 
(step 62) . When the reply is not an acknowledgement, the 
node nl waits a predetermined wait period (step 63) , and 
again transmits the request packet (step 60). 

The node nl determines whether or not reply 
acknowledging the switch request has been received from all 
the nodes n2 through n4 in the transmission route (step 64). 
25 When all replies have not been received, the node nl waits 
for the response to the transfer switch request (step 61) . 

When replies acknowledging the switch request have been 
received from all the nodes n2 through n4 in the 
30 transmission route, the node nl transmits a packet 

requesting a bus reset to the nodes n2 through n4 (step 65) . 
As described above, the node nl outputs a bus reset request 
signal 39 from its switching control circuit 31 to the 

15 
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15 



20 



physical layer circuit 15, and then waits until the bus 
reset starts (refer to Fig. 2) . 

When the bus reset starts in node nl (step 66) , the 
5 transmission rate of the node nl is switched to a high-speed 
transmission rate by the transmission rate control circuit 
21 (that is, the frequency of the clock signal is switched) 
(step 67 ) . 

10 Then, when a new topology map and speed map are 

generated in the register 20 by the tree identification and 
self-ID processes and the bus reset ends (steps 68 and 69) , 
the node nl executes performs packet transmission at the 
newly switched high-speed transmission rate (step 70) . 

15 

The operation of the nodes n2 through n4, which have 
received a transmission rate switch request from the node 
nl, will now be described with reference to Fig. 6- 

20 When the request packet is received from the node nl 

(step 71) , the nodes n2 through n4 determine whether or not 
to hold the transaction that is presently being executed 
(step 72) . More specifically, when a packet is presently 
being transmitted, each of the nodes n2 through n4 determine 

25 whether or not to respond to the switch request after the 

current transfer operation ends, or to respond to the switch 
request from the node nl with priority over the transmission 
operation presently being performed. 

30 In step 72, the nodes among the nodes n2 through n4 

that are not transmitting anything and the nodes that are 
able to respond to the switch request send a packet 
(response packet) , which includes information acknowledging 
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the switch request^ to the node nl (step 73) . Conversely, 
the nodes among the nodes n2 through n4 which are unable to 
immediately respond to the switch request since packet 
transmission is presently being performed send a packet, 
5 which includes information about being unable to acknowledge 
the switch request, to the node nl (step 74) and wait until 
a switch request is again received from the node nl. 

In step 73, the nodes that respond to the switch 
10 request wait until a bus reset request packet is received 
from the node nl (step 75),. and when this request is 
received, the bus reset starts (step 76) . 

Then, when the bus reset starts in step 7 6, the 
15 transmission rates of the nodes n2 through n4 are switched 
to high-speed transmission as described above (that is, the 
frequency of the clock signal is switched) (step 77). 

Then, when new topology and speed maps are generated by 
the tree identification and self-ID processes in the manner 
described above and the bus reset ends (steps 78 and 79), 
packet transfer is executed by the nodes n2 through n4 at 
the switched high-speed transmission rate (step 80). 

Fig. 7 specifically shows the configuration of the 
register 20. 

The register 20 is provided with memory areas 20a, 20b, 
and 20c for storing C-SPEED, which represents the 
30 transmission capacity of the interface device 11, P-SPEED, 
which represents the present transmission rate (operating 
state) , and N-SPEED, which represents the transmission rate 
(operating state) after the next bus reset- The register 20 
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also has an area 20d for storing the CHG-MODE, which 
represents operating modes for whether or not to clear the 
operating state each time there is a bus reset, i.e., 
whether or not to restore the transmission rate to SlOO by 
5 means of the bus reset. 

In the present embodiment, the SlOO, S200, and S400 
transmission rates, which correspond, for example, to 2-bit 
control signals [00], [01], and [Ix] (either [10] or [11]), 
10 are stored in the respective C-SPEED, P-SPEED, and N-SPEED 
areas 20a through 20c. 

Operating modes are stored in the CHG-MODE area 20d to 
clear the operating state after the next bus reset in 
15 correspondence with, for example, the control signal [0], or 
maintain the operating state after the next bus reset in 
correspondence with the control signal [1] . 

The control operation of the register 20 is described 
-20 below with reference to Figs. 8 through 10. 

A plurality of devices in which the interface device 11 
is installed as described above are connected by the 1394 
bus 22. The node nl is provided with the S400 transmission 
25 capacity. 

First, the operation of node nl when transmitting a 
transmission rate switch request will now be described with 
reference to Figs. 8 and 9. 

30 

The node nl is in a state operating at the SlOO 
transmission capacity. From this state, for example, a need 
may arise for the node nl to transfer data to the node n4 at 



18 



a higher speed (S200 or S400) than SIOO. Thus, the node nl 
receives a high-speed transmission request from the 
apparatus body 12 (refer to Fig. 1) (step 81). 

5 The node nl transmits a packet requesting the 

transmission capacity information of the nodes n2 through n4 
to the nodes n2 through n4, which are in the route to the 
transfer destination, and confirms the transfer capabilities 
of each of the nodes n2 through n4 (step 82) . 

10 

When all of the nodes n2 through n4 in the transmission 
route are provided with transfer capabilities that are 
capable of higher speed transmissions, the node nl transmits 
to each of the nodes n2 through n4 a packet (request packet) 
15 requesting that they rewrite the N-SPEED and CHG-MODE in the 
respective nodes n2 through n4 (step 83) . Then, the node nl 
waits for replies from each node n2 through n4 (step 84). 

When the N-SPEED is sequentially received from the 
20 nodes responding to the request packet (step 85) , the node 
nl determines whether or not the N-SPEED received from the 
node is the requested- N-SPEED (step 8 6) . 

In step 86, when the received N-SPEED differs from the 
25 N-SPEED requested by the node nl, the node nl sends the 

request again after a predetermined wait time has elapsed 
(step 87). That is, the request packet is again transmitted 
to the node. When the received N-SPEED matches the N-SPEED 
requested by the node nl, the node nl determines that the 
30 switch request has been acknowledged by the node that 
received the N-SPEED request (step 88 in Fig. 9) . 

When the N-SPEED received from all of the nodes n2 
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through n4 match the requested N-SPEED (step 89) , the node 
nl rewrites its own N-SPEED and CHG-MODE (step 90) - When 
even one node among all the nodes n2 through n4 replies with 
an N-SPEED that does not match the requested N-SPEED in step 
5 89, the node nl waits until receiving the requested N-SPEED 

I 

from all the nodes n2 through n4 (repeat steps 84 through 
89) . 

Then, when the bus reset starts in node nl (step 91), 
10 the P-SPEED of the node nl is switched to the previously 

rewritten N-SPEED (step 92) . That is, the transmission rate 
of the node nl is switched to high-speed transmission. 

When the rewritten CHG-MODE is set at [1] in step 90, 
the N-SPEED of the node nl is controlled at the P-SPEED 
(steps 93 and 94). That is, the present transmission rate of 
the node nl is held even after the next bus reset ends. 
Conversely, when the CHG-MODE is set at [0], the N-SPEED of 
the node nl is controlled at "00" (steps 93 and 95) . That 
is, the present transmission rate of the node nl is switched 
to SlOO after the next bus reset ends. 

Then, when the bus reset ends (step 96) , the node nl 
transfers a packet at the switched high-speed transmission 
25 rate (i.e., the N-SPEED rewritten in step 92) (step 97). 

The operations of the nodes n2 through n4, which 
receive the transmission rate switch request from the node 
nl, are described below with reference to Fig. 10. 

30 

In the previously described step 82, the nodes n2 
through n4, which received the packet requesting 
transmission capacity information from the node nl, reply by 

20 
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sending to the node nl the value of their own C-SPEED 
(transmission capacity) (step 101) . 

Then, when a packet is received from the node nl 
5 requesting that their N-SPEED and CHG-MODE. be rewritten 

(step 102), the nodes n2 through n4 determine whether or not 
to maintain the transaction presently being performed (step 
103) as described above (refer to Fig. 6) . 

10 In step 103, the nodes that maintain the transaction 

presently being executed reply to the node nl specifying the 
present transmission rate as the N-SPEED value without 
rewriting the N-SPEED and CHG-MODE requested by the node nl . 
(steps 104 and 106) . The nodes that do not maintain the 

15 transaction presently being performed rewrite the N-SPEED 

and CHG-MODE requested by the node nl and reply to the node 
nl specifying the rewritten N-SPEED value (steps 105 and 
106) . 

20 In step 106, the node that replied with the N-SPEED 

requested by the node nl waits until a bus reset request 
packet is received from the node nl (step 107) and starts 
the bus reset when the request is received (step 108) . 

25 Then, when the bus reset starts in each of the nodes n2 

through n4, the P-SPEED of the nodes n2 through n4 are 
switched to a previously rewritten N-SPEED (step 109) - That 
is, the transmission rates of the nodes n2 through n4 are 
switched to high-speed transmission . 

30 

Among the nodes n2 through n4, the N-SPEED of the nodes 
that rewrote their CHG-MODE to [1] in step 105 is controlled 
at the P-SPEED (steps 110 and 111) . That is, the present 
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transmission rate of this node is maintained even after the 
next bus reset ends. 

Conversely, the N-SPEED of those nodes, among the nodes 
5 n2 through n4 that have a CHG-MODE of [0], is controlled to 
[00] (steps 110 and 112) . That is, the present transmission 
rate of those nodes is switched to SlOG after the next bus 
reset ends. 

10 • Then, when the bus reset ends (step 113) , the nodes n2 

through n4 perform packet transfer at the switched high- 
speed transmission rate (i.e., at the N-SPEED switched in 
step 109) (step 114) . 

15 The CHG-MODE control operation for the register 20 is 

described below with reference to Fig. 11. 

As described above, the transmission rates of the nodes 
nl through n4 are switched to a high-speed transmission rate 
20 (either S200 or S400) , and when the subsequent packet 

transfer from the node nl to the node n4 ends, the node nl 
generates a bus reset (step 121) . 

Each of the nodes nl through n4 determines whether or 
25 not to clear its operating state by a bus reset after the 
transfer ends based on the previously rewritten CHG-MODE 
(step 90 in Fig. 9 and step 105 in Fig. 10) (step 122). 

When the determination is to clear the operating state 
30 in step 122 (CHG-MODE = [0]), the transmission rate of that 
node is switched to SlOO (step 123) . That is, after the bus 
reset ends, that node enters a state in which only low-speed 
transmission operation is possible at SlOO (steps 125 and 
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126) 



Conversely, when the determination is to not clear the 
operating state in step 122 (CHG-MODE = [1]), the 
transmission rate of that node is maintained at the high- 
speed (step 124). That is, after the bus reset ends, that 
node continues to have high-speed transmission enabled 
(steps 125 and 127). 

The distinctive features of the interface device and 
interface device control method of the embodiment of the 
present invention are described below. 

(1) The devices (nodes) incorporating the interface 
device 11 operate so as to only be capable of low-speed 
transmissions when performing low-speed transmissions and 
when transfer operations are not being performed. A node 
requiring a high-speed transmission negotiates with each of 
the nodes included in the route to the transfer destination, 
and when each node is provided with a transmission capacity 
that is applicable for high-speed transmission, the 
originating node and each of the other nodes switch their 
transmission rates to high-speed transmission. In this way, 
power consumption is reduced because only the node 
performing the high-speed transmission and each of the nodes 
included in the transmission route (repeaters) are operated 
in a state enabling high-speed transmission . 

(2) Since a bus reset after the high-speed transmission 
is set to clear the operation state, the node performing 
high-speed transmission operation is enabled to perform low- 
speed transmission again. Accordingly, since the 
transmission rate may be switched to enable high-speed 
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transmissions when required, unnecessary power consumption 
is suppressed. This reduces power consumption. 

(3) The nodes which switch to high-speed transmission 
5 may also continue high-speed transmission by a prearranged 
setting which does not clear the operating state with a bus 
reset after a high-speed transmission ends. Therefore, when 
high-speed transmission is routinely required, procedures 
for switching to high-speed transmission is not required. 
10 Thus, the transmission capacity is not decreased. 

The embodiment may be variously modified as described 
below . 

15 Although an interface device 11 complying to the IEEE 

1394 standard is used in the embodiment, the present 
invention is not restricted to such configuration and may be 
realized in any interface device providing functioning under 
a plurality of transmission rates. 

20 

Although the interface device 11 of the embodiment is 
provided with the S400, S200, and SlOO transmission rates of 
the IEEE 1394 standard, the interface device may be provided 
with other transmission rates. 

25 

The data transmission method employed by the interface 
device 11, which is provided with a switching capability in 
the embodiment, may also be applied in isochronous transfer. 
That is, in isochronous transfer, an isochronous bandwidth 
30 is allocated beforehand to ensure that a constant amount of 
data is transferred in a predetermined time. When this type 
of isochronous transfer is performed among a plurality of 
nodes, the transmission rate may be switched to low-speed 
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transmission or high-speed transmission in accordance with 
the allocated isochronous bandwidth. 

Although the operating state is switched from high- 
5 speed transmission to low-speed transmission by clearing the 
operating state with a bus reset in the embodiment, the 
operating state may also be similarly switched from low- 
speed transmission to high-speed transmission, or switched 
to low-speed transmission by negotiation between nodes. 
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